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Abstract
Objective To evaluate the efficacy of prophylactic mesh placement during end colostomy formation at reducing rates of 
parastomal hernia using the most recently available data.
Background Systematic reviews and meta-analyses of randomized controlled trials (RCTs) have uniformly concluded that 
the use of prophylactic surgical mesh when fashioning an end colostomy reduces the risk of parastomal hernia. However, 
recent RCTs have failed to corroborate these findings. This study was designed to provide an updated systematic review and 
meta-analysis evaluating the efficacy of prophylactic mesh placement during end colostomy formation.
Methods A search of Medline, EMBASE, and CENTRAL was performed. Articles were included if they were RCTs that 
compared the use of prophylactic mesh to no prophylactic mesh during construction of an end colostomy following colorectal 
resection for benign or malignant disease. The primary outcome was parastomal hernia rate. A pairwise meta-analysis was 
performed using inverse variance random effects.
Results From 1,089 citations, 12 RCTs with 581 patients having prophylactic mesh placement and 671 patients not having 
prophylactic mesh placement met inclusion criteria. Incidence of parastomal hernia was significantly reduced in patients 
receiving prophylactic mesh (OR 0.60, 95% CI 0.46 to 0.80, p = 0.0003, I2 = 74%). Results were no longer significantly 
different when only studies conducted in the last 5 years were analyzed (p = 0.10). There was no significant difference in 
postoperative morbidity, postoperative mortality, colostomy-specific morbidity, or length of stay between groups.
Conclusions There remains a significant reduction in the risk of parastomal hernia with the use of prophylactic mesh at the 
time of end colostomy formation, despite recent evidence suggesting no difference. Further contemporary trials with the 
application of modern surgical technology are required.
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Introduction

While contemporary surgical approaches to colorectal dis-
eases increasingly emphasize restoration of gastrointestinal 
continuity with or without proximal diversion, creation of a 
permanent end colostomy is still required for certain pathol-
ogy [1]. The most common postoperative adverse outcome 
following formation of an end colostomy is parastomal 
hernia [2]. Parastomal hernia is defined as a ventral hernia 
that occurs through the fascial defect created at the time of 
ostomy creation [3, 4]. Incidence ranges from 20 to 60% fol-
lowing the creation of an end colostomy [2, 5, 6]. Not only 
do parastomal hernias adversely impact patient quality of 
life (QoL), but they are also associated with life-threatening 
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complications such as bowel obstruction, incarceration, and 
strangulation [6]. Moreover, repair of parastomal hernias is 
challenging, and recurrence rates generally range from 15 
to 30% [2, 7].

In an attempt to avoid such morbidity, the use of prophy-
lactic surgical mesh at the time of end colostomy formation 
to act as a mechanical buttress has been extensively studied. 
Results of previous randomized controlled trials (RCTs) 
have varied, but most have demonstrated a decrease in paras-
tomal hernia rate with the use of prophylactic surgical mesh 
[8–10]. Subsequent systematic reviews and meta-analyses 
have uniformly concluded that the use of prophylactic surgi-
cal mesh significantly reduces the risk of parastomal hernia 
[5, 11, 12]. However, RCTs published in the past 2 years, 
since the most recent meta-analysis, have failed to dem-
onstrate significantly decreased rates of parastomal hernia 
formation with the use of prophylactic mesh [13–15]. There-
fore, it is the aim of the present study to perform an updated 
systematic review and meta-analysis to evaluate the efficacy 
of prophylactic mesh placement during end colostomy for-
mation at reducing rates of parastomal hernia.

Methods

Search Strategy

The following databases covering the period from data-
base inception through April 2021 were searched: Medline, 
EMBASE, and Cochrane Central Register of Controlled Tri-
als (CENTRAL). The search was designed and conducted 
by a medical research librarian with input from study inves-
tigators. Search terms included “colorectal resection,” “end 
colostomy,” “surgical mesh,” “prophylactic mesh,” and more 
(complete search strategy available in Appendix). The refer-
ences of published studies and gray literature were searched 
manually to ensure that all relevant articles were included. 
This systematic review and meta-analysis are reported in 
accordance with the Preferred Reporting items for System-
atic Reviews and Meta-Analyses (PRISMA).

Study Selection

Articles were eligible for inclusion if they were RCTs that 
compared the use of prophylactic surgical mesh to primary 
closure without the use of surgical mesh for patients under-
going end colostomy creation following colorectal resection 
in rate of postoperative parastomal hernia. Observational 
studies were not eligible for inclusion. Relevant single-
arm studies were excluded. Studies including less than 
10 patients, patients undergoing emergent operation, or 
patients undergoing intervention for non-colorectal disease 
(e.g., peritoneal metastases) were excluded. Studies were 

not discriminated on the basis of language. Lastly, opinions, 
case reports, systematic reviews, meta-analyses, letters to 
editors, and editorials were excluded.

Outcomes Assessed

The primary outcome was parastomal hernia rate. Paras-
tomal hernia was defined on the basis of clinical and/or 
radiographic findings. Clinically, parastomal hernias were 
most commonly defined by any detectable bulge adjacent 
to a colostomy [9, 14, 16]. Two studies used the European 
Hernia Society Parastomal Hernia Classification to clinically 
define parastomal hernias, which is based on intraoperative 
measurements of hernia orifice size [4, 17, 18]. Radiographi-
cally, parastomal hernias were most commonly defined by 
the Moreno-Matias classification [3, 8, 10, 13, 18, 19]. The 
classification grades parastomal hernias from 0 to III; Type 
0, no visible hernia sac; Type Ia, hernia sac less than 5 cm 
adjacent to the loop of bowel forming the colostomy without 
other contents; Type Ib, hernia sac greater than 5 cm adja-
cent to the loop of bowel forming the colostomy without 
other contents; Type II, hernia sac adjacent to the loop of 
bowel forming the colostomy with omental contents; and 
Type III, hernia sac adjacent to the loop of bowel forming 
the colostomy with a separate loop of bowel [3].

Secondary outcomes included (1) operative time in min-
utes, (2) postoperative LOS in days, (3) rate of reoperation, 
(4) 30-day overall postoperative morbidity, (5) 30-day over-
all postoperative mortality, (6) incidence of SSI, and (7) 
incidence of colostomy specific 30-day complications (e.g., 
colostomy necrosis, colostomy stenosis). LOS was defined 
as the time from the end of the index procedure to the time 
the patient left the hospital following their index procedure 
in all included studies. Postoperative morbidity was defined 
as any documented deviation from the expected postopera-
tive course documented in patient medical records or data-
base records. SSIs were defined according to the Centre for 
Disease Control and Prevention [20]. Colostomy necrosis 
was defined as arterial insufficiency resulting in lack of ade-
quate blood supply to the stoma to sustain tissue integrity 
[21]. Colostomy stenosis was defined as luminal narrowing 
at or above the level of the anterior abdominal wall fascia 
[21].

Data Extraction

Two reviewers independently evaluated the systemati-
cally searched titles and abstracts using a standardized, 
pilot-tested form. Discrepancies that occurred at the title 
and abstract screening phases were resolved by inclusion 
of the study. At the full-text screening stage, discrepancies 
were resolved by consensus between the two reviewers. If 
the disagreement persisted, a third reviewer was consulted. 
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Two reviewers independently conducted data extraction into 
a data collection form designed a priori. The extracted data 
included study characteristics (e.g., author, year of publica-
tion, study design), patient demographics (e.g., age, gender, 
body mass index (BMI), comorbidities), treatment charac-
teristics (e.g., operative approach, index operation, type of 
mesh, mesh location, operative time), postoperative morbid-
ity (e.g., parastomal hernia, colostomy specific complica-
tions, surgical site infection (SSI), reoperation), and length 
of stay (LOS).

Risk of Bias Assessment

Risk of bias for each included study was assessed using the 
Cochrane Risk of Bias Tool for Randomized Controlled Tri-
als 2.0 [22]. The Cochrane Risk of Bias Tool analyzes RCTs 
according to randomization process, assignment to inter-
vention, adherence to intervention, missing outcome data, 
outcome measurement, and outcome reporting. Studies were 
assigned low risk of bias, some concerns for bias, and high 
risk of bias in each of the aforementioned domains, as well 
as overall. Two reviewers assessed the quality of the studies 
independently. Discrepancies were discussed amongst the 
reviewers until consensus was reached.

Statistical Analysis

All statistical analyses and meta-analyses were performed on 
STATA version 14 (StataCorp, College, TX) and Cochrane 
Review Manager 5.3 (London, UK). The threshold for sta-
tistical significance was set a priori at a p of < 0.05. A pair-
wise meta-analysis was performed using an inverse vari-
ance, random effects model for all meta-analyzed outcomes. 
Pooled effect estimates were obtained by calculating the 
mean difference (MD) in outcomes for continuous variables 
and risk ratios (RR) for dichotomous variables along with 
their respective 95% confidence intervals (CI) to confirm 
the effect size estimation. In addition, mean and standard 
deviation (SD) was estimated for studies that only reported 
median and interquartile range using the method described 
by Wan et al. [23]. For studies that did not report standard 
deviation or interquartile range, we contacted the authors 
for missing data. Data was presumed to be unreported if no 
response was received from study authors within 2 weeks 
from the index point of contact. A funnel plot for assessing 
publication bias was not used as this review contained less 
than 10 studies. Assessment of heterogeneity was completed 
using the inconsistency (I2) statistic. An I2 greater than 50% 
was considered to represent considerable heterogeneity [24]. 
Bias in meta-analyzed outcomes was assessed with funnel 
plots when data from more than 10 studies were included in 
the analysis [25]. A leave-one-out sensitivity analysis was 
performed by iteratively removing one study at a time from 

the inverse variance, random effects model to ensure that 
pooled effect estimates were not driven by a single study. 
Additionally, a sensitivity analysis on the basis of study pub-
lication date and high risk of bias according to the Cochrane 
Risk of Bias Tool for Randomized Controlled Trials 2.0 was 
performed to ensure that pooled effect estimates were not 
impacted by low quality, potentially biased data. Lastly, sen-
sitivity analyses based on year of publication (i.e., excluding 
studies published more than 5 years prior), mesh location, 
and operative approach were performed. For outcomes that 
were reported in less than three studies, a systematic narra-
tive summary was provided [26].

Results

Study Characteristics

From 1,511 citations, 12 RCTs met inclusion criteria [8–10, 
13–19, 27, 28]. A PRISMA flow diagram of the study selec-
tion process is illustrated in Fig. 1. Included studies were 
conducted between 2008 and 2021. In total, 581 patients 
(37.3% female, mean age: 66.7 years, mean BMI: 26.1 kg/
m2) underwent colostomy formation with prophylactic mesh, 
and 671 patients (48.5% female, mean age: 66.2 years, mean 
BMI: 27.3 kg/m2) did not have prophylactic mesh placed. 
The majority of operations were abdominal perineal resec-
tions in both groups (mesh: 82.2%; no mesh: 76.5%). The 
most common indication for operation was colorectal 
malignancy (mesh: 86.9%; no mesh: 85.2%). Six studies 
included exclusively patients undergoing open operations 
[10, 13, 16, 18, 19, 28], three studies included exclusively 
patients undergoing laparoscopic operations [8, 9, 17], and 
the remaining three studies evaluated both open and lapa-
roscopic procedures [14, 15, 27]. There was no significant 
difference in operative time between the two groups (SMD 
0.39, 95% CI − 0.37 to 1.16, p = 0.31, I2 = 96%). Detailed 
study characteristics of the included studies are reported in 
Table 1.

Mesh Details

The specific mesh utilized in the included studies was vari-
able (Table 2). The majority of meshes used were a light-
weight polypropylene material. Three of the included studies 
placed the mesh intraperitoneally, nine studies placed the 
mesh in the retromuscular space, and one study placed the 
mesh in the preperitoneal space. All stomas were placed 
through the rectus abdominis, and seven of the included 
studies utilized preoperative stoma therapist marking. Two 
studies solely reported clinically detectable parastomal her-
nias [16, 28], four studies solely reported radiological detect-
able parastomal hernias [8–10, 13], and the remaining six 
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studies defined parastomal hernias according to both clinical 
and radiological classifications [14, 15, 17–19, 27].

Parastomal Hernia

Incidence of postoperative parastomal hernia was reported 
by all included studies. Overall, 137 patients (24.0%) in the 
prophylactic mesh group and 243 patients (37.6%) in the 
no prophylactic mesh group developed parastomal hernias. 
Pooling of data demonstrated a significant reduction in the 
risk of developing a parastomal hernia in patients receiving 
prophylactic mesh placement (OR 0.60, 95% CI 0.46 to 0.80, 
p = 0.0003, I2 = 74%) (Fig. 2). A funnel plot analysis sug-
gested slight asymmetry suggestive of heterogeneity (Fig. 3). 
Significantly decreased rates of parastomal hernia were 
also observed on sensitivity analyses on the basis of risk of 
bias, surgical approach, and mesh location. Results were no 
longer significantly different when only studies conducted 

in the last 5 years were analyzed (Mesh n = 361, No Mesh 
n = 440, OR 0.76, 95% CI 0.55 to 1.05, p = 0.10, I2 = 71%).

Postoperative Morbidity

Eleven studies compared patients undergoing end colostomy 
formation with and without prophylactic mesh in terms of 
30-day overall postoperative morbidity. There was no dif-
ference between groups (OR 0.78, 95% CI 0.47 to 1.32, 
p = 0.36, I2 = 71%) (Fig. 4). Results were unchanged on 
sensitivity analyses.

Nine studies evaluated 30-day overall postoperative 
mortality. There was no difference between groups (OR 
1.38, 95% CI 0.69–2.73, p = 0.36, I2 = 4%). Results were 
unchanged on sensitivity analyses.

Colostomy-specific morbidity was unchanged with the 
use of prophylactic mesh. Rates of colostomy necrosis (OR 
0.85, 95% CI 0.39 to 1.89, p = 0.69, I2 = 0%) and colostomy 
stenosis (OR 2.69, 95% CI 0.63 to 4.55, p = 0.30, I2 = 0%) 

Fig. 1  PRISMA diagram—
transparent reporting of 
systematic reviews and meta-
analysis flow diagram outlining 
the search strategy results from 
initial search to included studies
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were not significantly different between groups (Fig. 5). The 
incidence of superficial surgical site infection SSI (sSSI) 
at the colostomy or a separate surgical site was not signifi-
cantly different between the prophylactic mesh and the no 
prophylactic mesh group (OR 0.94, 95% CI 0.52 to 1.67, 
p = 0.82, I2 = 0%).

Differences in postoperative LOS between patients with 
and without prophylactic mesh placement were reported by 
four studies. Pooled analysis with SMD did not result in a 
difference in LOS between the two groups (SMD − 0.18, 
95% CI − 0.64 to 0.28, p = 0.45, I2 = 85%).

Risk of Bias

Figure 6 presents the risk of bias analysis according to the 
Revised Cochrane Risk-of-Bias Tool for included RCTs. 
Seven studies were at an overall low risk of bias, while two 
were at high risk of bias. Aside from Tarcoveanu et al., 
included studies were uniformly at a low risk of bias accord-
ing to lack of missing data, outcome reporting, and rand-
omization scheduling [28]. Tarcoveanu et al. was one of two 
studies found to be at high risk of bias; outcome reporting 
was incomplete in their publication, and there was a lack 
of details with regard to their randomization process [28]. 
Three studies were found to have an overall unclear risk 
of bias. Lambrecht et al. excluded two patients following 
their randomization to the control group (no mesh) and did 
not use an intention to treat analysis [19]. Lopez-Cano et al. 
conducted an RCT in 2016 whereby their statistical analy-
sis was performed on a per-protocol basis as opposed to an 
intention-to-treat [8]. In an RCT from 2015, it was unclear 
whether Vierimaa et al. blinded outcome assessors [17].

Discussion

This updated systematic review and meta-analysis of RCTs 
evaluating the use of prophylactic mesh during formation 
of end colostomies demonstrated similar results to previous 
reviews [11, 12]. The risk of parastomal hernia formation 
was significantly reduced with the use of prophylactic mesh; 
however, significance was not observed in a subgroup analy-
sis only including studies published over the past 5 years. 
Other postoperative outcomes, including 30-day postopera-
tive morbidity, 30-day postoperative mortality, incidence of 
colostomy necrosis, incidence of colostomy stenosis, inci-
dence of sSSI, and LOS, were not different between patients 
receiving and not receiving prophylactic mesh. Overall risk 
of bias according to the Revised Cochrane Risk-of-Bias Tool 
was low for seven studies, unclear for three studies, and high 
for two studies.

The use of prophylactic non-absorbable synthetic 
mesh when creating an end colostomy was strongly Ta
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recommended in the 2018 European Hernia Society Par-
astomal Hernia Guidelines [29]. This was on the basis of 
a low risk of adverse events with the use of mesh, the 
low relative cost of synthetic mesh, and the consistency of 
reported outcomes in RCTs evaluating their use. Recently, 
however, large RCTs have published data inconsistent with 
parastomal hernia outcomes reported in earlier trials. In 
2019, Odensten et al. presented data from their STOMA-
MESH trial which failed to demonstrate a reduction in 
both clinical and radiological incidence of parastomal 
hernia following end colostomy formation via laparot-
omy with the use of prophylactic mesh [13]. Similarly, 
Prudhomme et al. in 2020 found no significant difference 
between the mesh and the no mesh groups, in patients 

undergoing both laparoscopic and open end colostomy for-
mation [14]. Most recently, results from the Stoma-Const 
trial in Sweden, which compared three techniques for end 
colostomy formation (cruciate incision with no mesh vs. 
circular incision with no mesh vs. mesh) found no differ-
ence in incidence of parastomal hernia at 12 months post-
operatively between the three techniques [15]. Ultimately, 
pooled analysis with previously published data failed to 
alter the significant reduction in parastomal hernia for-
mation, which the 2018 European Hernia Society guide-
lines are predicated on. Nonetheless, these findings should 
prompt future RCTs aimed at addressing this clinical equi-
poise, especially in the setting of evolving approaches to 
colorectal pathology such as minimally invasive surgery, 

Fig. 2  Incidence of parastomal hernia—random effect meta-analysis comparing patients receiving and not receiving prophylactic surgical mesh

Fig. 3  Incidence of parastomal 
hernia—funnel plot for paras-
tomal hernia incidence random 
effect meta-analysis
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perioperative optimization, and enhanced recovery after 
surgery pathways [30–32]. Moreover, future RCTs should 
be large and adequately powered to assess incidence of 
parastomal hernias as the primary outcome. According to 
the findings of the present study, and assuming a power 
of 80% and p < 0.05 as significant, 170 patients would 

be required in each arm to adequately assess this clinical 
question.

The colorectal patient population has similarly evolved. 
Today, patients are larger, more comorbid, and subjected to 
a greater variety of neoadjuvant treatments, all of which may 
contribute to poor tissue healing and increased propensity 

Fig. 4  Overall postoperative morbidity—random effect meta-analysis comparing patients receiving and not receiving prophylactic surgical mesh

Fig. 5  Postoperative colostomy-specific morbidity (A colostomy necrosis, B colostomy stenosis)—random effect meta-analysis comparing 
patients receiving and not receiving prophylactic surgical mesh
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for hernia formation [33–35]. The obesity epidemic in par-
ticular, and its association with increased risk of develop-
ing colorectal cancer, has increased intraoperative difficulty 
and worsened postoperative clinical outcomes in colorectal 
surgery [36, 37]. Obesity significantly increases the risk of 
parastomal hernia development. A waist circumference of 
greater than 100 cm is associated with a 75% risk of devel-
oping parastomal hernia [38]. In one of the included studies, 
Lopez-Cano et al. found that a subcutaneous fat thickness 
of greater than 23 mm was associated with an 80% risk of 
parastomal hernia formation [9]. Altogether, these patients 
may benefit disproportionately from prophylactic surgical 
mesh placement at the time of end colostomy formation. 
Further study focused specifically on the obese colorectal 
patient is warranted.

In keeping with previous reviews, the majority of 
included studies (91.7%) evaluated the use of synthetic 
non-absorbable mesh [11, 12]. Similarly, prophylactic mesh 
placed in the sublay position was most common in both the 
present review as well as previous reviews. While there are 
no data to suggest differences between biologic and syn-
thetic mesh placement, nor between sublay and intraperi-
toneal mesh placement, the results of this study are more 
applicable to synthetic, sublay prophylactic mesh placement 
[39, 40]. Studies comparing different types of mesh and dif-
ferent mesh positioning for parastomal hernias specifically 
would be a valuable addition to the literature.

The strengths of this systematic review and meta-
analysis include the comprehensive systematic literature 
search, quality of the included evidence, analysis of pro-
spective randomized controlled data, and the inclusion of 
updated data compared to previous systematic reviews and 

meta-analyses. Specifically, the present review includes 
three large RCTs not published at the time of the most 
recent systematic reviews and meta-analyses [11, 12]. 
The limitations of the present study include heterogene-
ity amongst the included studies, variability in surgical 
technique (i.e., open, laparoscopic, specific operation, 
mesh positioning) and type of surgical mesh, and lack of 
reporting of secondary outcomes precluding robust analy-
ses of specific postoperative complications and colostomy-
specific morbidity. The I2 was greater than 70% for the 
primary outcome as well as multiple secondary outcomes 
[41]. Moreover, while the majority of included studies 
evaluated polypropylene mesh in the sublay position, the 
specific brand of mesh varied significantly. Three studies 
also assessed intraperitoneal mesh placement as opposed 
to sublay positioning [8, 9, 17]. Regardless, the patient 
populations amongst included studies were strikingly 
similar, and thus the results of the present review can be 
applied safely to overweight and obese patients undergo-
ing laparoscopic or open abdominal perineal resection for 
colorectal cancer.

Despite recent RCTs suggesting a lack of benefit with 
the use of prophylactic surgical mesh during the forma-
tion of end colostomies, this updated systematic review 
and meta-analysis of RCTs found a similar reduction in the 
risk of parastomal hernia with the use of prophylactic mesh 
as compared to previous reviews. A subgroup analysis of 
studies published over the past 5 years, however, failed to 
demonstrate the same benefit. Further large-scale RCTs are 
required to elucidate whether prophylactic surgical mesh in 
the setting of contemporary approaches to colorectal pathol-
ogy and end colostomy formation is beneficial [42].

Fig. 6  Cochrane Risk of Bias 
Tool for Randomized Con-
trolled Trials 2.0 individual 
study analyses
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Appendix. PRISMA 2020 checklist

Section and Topic Item # Checklist item Location where 
item is reported

TITLE
Title 1 Identify the report 

as a systematic 
review

1

ABSTRACT 
Abstract 2 See the PRISMA 

2020 for Abstracts 
checklist

3

INTRODUCTION
Rationale 3 Describe the ration-

ale for the review 
in the context of 
existing knowl-
edge

4,5

Objectives 4 Provide an explicit 
statement of the 
objective(s) or 
question(s) the 
review addresses

5

METHODS
Eligibility criteria 5 Specify the inclu-

sion and exclusion 
criteria for the 
review and how 
studies were 
grouped for the 
syntheses

5,6

Information sources 6 Specify all data-
bases, registers, 
websites, organi-
sations, reference 
lists and other 
sources searched 
or consulted to 
identify studies. 
Specify the date 
when each source 
was last searched 
or consulted

5

Search strategy 7 Present the full 
search strategies 
for all databases, 
registers and 
websites, includ-
ing any filters and 
limits used

5

Section and Topic Item # Checklist item Location where 
item is reported

Selection process 8 Specify the methods 
used to decide 
whether a study 
met the inclusion 
criteria of the 
review, including 
how many review-
ers screened each 
record and each 
report retrieved, 
whether they 
worked inde-
pendently, and if 
applicable, details 
of automation 
tools used in the 
process

5–7

Data collection 
process

9 Specify the methods 
used to collect 
data from reports, 
including how 
many reviewers 
collected data 
from each report, 
whether they 
worked indepen-
dently, any pro-
cesses for obtain-
ing or confirming 
data from study 
investigators, 
and if applicable, 
details of automa-
tion tools used in 
the process

7
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Section and Topic Item # Checklist item Location where 
item is reported

Data items 10a List and define 
all outcomes for 
which data were 
sought. Specify 
whether all results 
that were compat-
ible with each 
outcome domain 
in each study were 
sought (e.g. for 
all measures, time 
points, analyses), 
and if not, the 
methods used 
to decide which 
results to collect

6,7

10b List and define all 
other variables for 
which data were 
sought (e.g. par-
ticipant and inter-
vention charac-
teristics, funding 
sources). Describe 
any assumptions 
made about any 
missing or unclear 
information

6,7

Study risk of bias 
assessment

11 Specify the methods 
used to assess 
risk of bias in the 
included studies, 
including details 
of the tool(s) used, 
how many review-
ers assessed each 
study and whether 
they worked inde-
pendently, and if 
applicable, details 
of automation 
tools used in the 
process

8

Effect measures 12 Specify for each 
outcome the effect 
measure(s) (e.g. 
risk ratio, mean 
difference) used 
in the synthesis 
or presentation of 
results

8,9

Section and Topic Item # Checklist item Location where 
item is reported

Synthesis methods 13a Describe the 
processes used to 
decide which stud-
ies were eligible 
for each synthesis 
(e.g. tabulating the 
study intervention 
characteristics and 
comparing against 
the planned groups 
for each synthesis 
(item #5))

8,9

13b Describe any 
methods required 
to prepare the data 
for presentation 
or synthesis, such 
as handling of 
missing summary 
statistics, or data 
conversions

8,9

13c Describe any meth-
ods used to tabu-
late or visually 
display results of 
individual studies 
and syntheses

8

13d Describe any 
methods used to 
synthesize results 
and provide a 
rationale for the 
choice(s). If meta-
analysis was per-
formed, describe 
the model(s), 
method(s) to iden-
tify the presence 
and extent of sta-
tistical heteroge-
neity, and software 
package(s) used

8,9

13e Describe any 
methods used to 
explore possible 
causes of het-
erogeneity among 
study results (e.g. 
subgroup analysis, 
meta-regression)

8,9

13f Describe any sen-
sitivity analyses 
conducted to 
assess robustness 
of the synthesized 
results

9
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Section and Topic Item # Checklist item Location where 
item is reported

Reporting bias 
assessment

14 Describe any meth-
ods used to assess 
risk of bias due to 
missing results in 
a synthesis (aris-
ing from reporting 
biases)

9

Certainty assess-
ment

15 Describe any meth-
ods used to assess 
certainty (or 
confidence) in the 
body of evidence 
for an outcome

NA

RESULTS
Study selection 16a Describe the results 

of the search and 
selection process, 
from the number 
of records identi-
fied in the search 
to the number of 
studies included 
in the review, ide-
ally using a flow 
diagram

9,10

16b Cite studies that 
might appear to 
meet the inclusion 
criteria, but which 
were excluded, 
and explain 
why they were 
excluded

9

Study characteristics 17 Cite each included 
study and present 
its characteristics

9

Risk of bias in 
studies

18 Present assessments 
of risk of bias 
for each included 
study

12

Results of individual 
studies

19 For all outcomes, 
present, for each 
study: (a) sum-
mary statistics 
for each group 
(where appropri-
ate) and (b) an 
effect estimate 
and its precision 
(e.g. confidence/
credible interval), 
ideally using 
structured tables 
or plots

10

Section and Topic Item # Checklist item Location where 
item is reported

Results of syntheses 20a For each synthesis, 
briefly summarise 
the characteristics 
and risk of bias 
among contribut-
ing studies

12

20b Present results of all 
statistical synthe-
ses conducted. If 
meta-analysis was 
done, present for 
each the summary 
estimate and its 
precision (e.g. 
confidence/cred-
ible interval) and 
measures of statis-
tical heterogene-
ity. If comparing 
groups, describe 
the direction of the 
effect

9–12

20c Present results of 
all investigations 
of possible causes 
of heterogene-
ity among study 
results

10

20d Present results of 
all sensitivity 
analyses con-
ducted to assess 
the robustness of 
the synthesized 
results

9–12

Reporting biases 21 Present assessments 
of risk of bias due 
to missing results 
(arising from 
reporting biases) 
for each synthesis 
assessed

12

Certainty of evi-
dence

22 Present assessments 
of certainty (or 
confidence) in the 
body of evidence 
for each outcome 
assessed

NA

DISCUSSION
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Section and Topic Item # Checklist item Location where 
item is reported

Discussion 23a Provide a general 
interpretation of 
the results in the 
context of other 
evidence

12,13

23b Discuss any 
limitations of the 
evidence included 
in the review

15

23c Discuss any limita-
tions of the review 
processes used

15

23d Discuss implica-
tions of the results 
for practice, 
policy, and future 
research

14,15

OTHER INFORMATION
Registration and 

protocol
24a Provide registration 

information for the 
review, including 
register name and 
registration num-
ber, or state that 
the review was not 
registered

NA

24b Indicate where the 
review protocol 
can be accessed, 
or state that a 
protocol was not 
prepared

NA

24c Describe and 
explain any 
amendments 
to information 
provided at reg-
istration or in the 
protocol

NA

Support 25 Describe sources of 
financial or non-
financial support 
for the review, 
and the role of the 
funders or spon-
sors in the review

3

Competing interests 26 Declare any compet-
ing interests of 
review authors

2

Section and Topic Item # Checklist item Location where 
item is reported

Availability of data, 
code and other 
materials

27 Report which of 
the following are 
publicly available 
and where they 
can be found: 
template data col-
lection forms; data 
extracted from 
included studies; 
data used for all 
analyses; analytic 
code; any other 
materials used in 
the review

NA
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